The authors conducted a multiinstitutional phase II study to establish a postsurgical combined chemotherapy and radiation therapy regimen for patients with primary germ cell tumors of the brain. Patients in the good prognosis group (those with germinomas) were treated with CARB-VP followed by local radiation therapy (24 Gy). Patients in the intermediate prognosis group received CARB-VP followed by local radiation therapy (50 Gy); they received five additional chemotherapy treatments. Patients in the poor prognosis group received ICE followed by whole craniospinal radiation therapy; they also received five additional chemotherapy treatments. Eighty-two patients were evaluated. For the 56 patients with germinomas, a 93% rate of complete remission after treatment was achieved. The remission rate was 76% for 21 patients in the intermediate prognosis group, and no recurrence was detected during a median follow-up period of 2.6 years. In the group of five patients with poor prognosis, the disease in three patients progressed during chemotherapy or radiation therapy and they died within 6 months. There were no serious complications in the surviving patients.
Germ cell tumors (GCTs) are characterized by subtypes with different histology that show different responses to treatment. Excellent treatment results have been obtained for mature teratomas by curative surgery and for pure germinomas by effective radiation therapy. However, the remaining tumor types (nongerminomatous tumors) have proved refractory to conventional treatments with surgery and irradiation. After the establishment of effective combination chemotherapy with cisplatin for gonadal GCTs, [2, 5] nongerminomatous GCTs of the brain became candidates for chemotherapy. Investigators in some trials in which chemotherapy is used have suggested its effectiveness for these tumors, [9, 11, 17] but the effect has not yet been evaluated in a large study group.
The University of Tokyo Study Group analyzed the treatment results of 134 histologically verified cases, which clearly showed that outcome differs among histological subtypes. [14] They divided patients with intracranial GCTs into three therapeutic groups: good prognosis, intermediate prognosis, and poor prognosis (Table 1 ) and proposed a treatment guideline appropriate for each group.
Based on their proposal, we conducted a multiinstitution phase II study. The aim of the study was to establish a postsurgical combination therapy in which chemotherapy and radiation therapy were used to make possible a better quality of life for patients with germinomas and a longer survival time for patients with nongerminomatous tumors. We now report our preliminary results of the phase II study in 82 newly diagnosed patients with histologically verified central nervous system GCTs.
CLINICAL MATERIAL AND METHODS

Study Design
The study group was organized by 14 neurosurgical clinics in Japan. The treatment strategy of the study was to surgically debulk the tumor and verify the histological composition. This was followed by preirradiation chemo-and radiation therapy. The actual goals of the study were determined for each group.
Germinoma. Although radiation therapy has produced an excellent 10-year survival rate of more than 80% of patients with germinomas, approximately 10% experienced tumor recurrence or dissemination. [4, 14, 24] In addition, a radiation dose of 50 Gy delivered to the whole brain in children produced mental retardation and dysfunction of the pituitary gland in later life. [7, 12] Therefore, by combining chemotherapy with radiation therapy, we intended to produce a synergistic effect for the tumor and to reduce the radiation dose and target volume in patients with germinoma.
Intermediate Prognosis Group. We adopted a combination chemotherapy regimen with carboplatin-etoposide to prolong the survival time of patients in this group. The regimen was proved effective for tumors in this group in a clinical trial conducted by the University of Tokyo Study Group. [13, 14] Poor Prognosis Group. Because previous methods for delivering chemotherapy (carboplatin-etoposide combination or cisplatin-vinblastine-bleomycin combination) have failed to prolong patient survival time, [14] we adopted an ifosphamide combination that was shown to be effective in a clinical trial by Hokkaido University Study Group (unpublished data).
After surgical debulking of the tumor and verification of histological composition, patients were divided into three therapeutic groups: good prognosis, intermediate prognosis, and poor prognosis (Table 1) . Postsurgically, patients received chemotherapy first, followed by radiation therapy. 
Delivery of Chemotherapy
Radiation Therapy
Radiation therapy in which a 4 MV linear accelerator x-ray was delivered to the tumor area, to a generous local area, or to the whole brain and the whole spine. Radiation doses delivered to a generous local field encompassed the tumor site and the third and lateral ventricles, as well as the sellar and pineal regions.
Treatment Protocols
Patients with germinoma received CARB-VP followed by local radiation doses (24 Gy) delivered to the tumor site. A dose of 24 Gy was chosen from the data regarding the maximum dose to protect the anterior pituitary gland in children from radiation damage. [20] Patients in the intermediate prognosis group received CARB-VP followed by a radiation dose of 30 Gy delivered to a generous local field and 20 Gy to the tumor site. They received additional CARB-VP chemotherapy for a total of five times every 3 to 4 months. Patients in the poor prognosis group received ICE followed by whole-brain and spinal radiation therapy with a dose of 30 Gy and a 30-Gy boost delivered to the generous local field. They received additional ICE a total of five times every 3 to 4 months.
Evaluation of the Treatment
To determine the response to therapy, we measured the area of the enhanced mass lesion in each slice of contrast-enhanced magnetic resonance (MR) images before and after the treatment. The responses were divided into four groups. A complete response was recorded when there was no visible tumor and no secondary changes, such as deformity or shift of the ventricles as a result of the tumor removal. More than 50% reduction of the tumor area on MR imaging without an increase in secondary changes was recorded as a partial response. If there was a less than 50% reduction of the tumor area on MR imaging or a less than 25% increase in the tumor area without an increase in secondary changes, the patient was considered to be in stable condition. The tumor was recorded as having progressed if there was a more than 25% increase in the tumor area accompanied by an increase in secondary changes caused by the tumor. In cases with complete and partial responses the treatment was recorded as effective, and the response rate was calculated as the percentage of cases with complete and partial responses among all cases with tumors visible on MR images. When the tumor was not visible on MR images because of extensive surgical removal, the volume reduction was not evaluated; these cases were excluded from the calculation of the response rate.
To evaluate the effectveness of our study protocol, we compared our treatment results to those of reported cases treated by radiation therapy alone. The survival rate was calculated from the date of surgery to the date of death by using the Kaplan-Meier method.
Patient Population
One hundred fourteen patients were registered in this trial since April 1995; nine of these patients with germinomas who had obtained excellent results with chemotherapy refused radiation therapy. In the end, 105 patients were enrolled in this trial: 86 males (81.9%) and 19 females (18.1%) with a mean age of 17 years (range 2-39 years). Only three patients (2.9%) were younger than 6 years of age, and four patients (3.8%) were older than 33 years of age; 78.4% of the patients were between 6 and 24 years of age. Forty tumors (38.1%) were located in the pineal region, 27 (25.7%) in the neurohypophysis, seven (6.7%) in the basal ganglia, one in the hypothalamus, one in the thalamus, one in the cerebellum; 28 (26.7%) tumors developed at multiple sites.
Of the 105 patients, 82 completed the initial treatment, which consisted of surgery, chemotherapy, and radiation therapy, and they were then evaluated according to their initial response to the treatment. Histological examination determined the diagnoses of germinoma in 56 patients (68.3%), germinoma with syncytiotrophoblastic giant cells (STGCs) in eight (9.8%), immature teratoma in three (3.7%), teratoma with malignant transformation in two (2.4%), embryonal carcinoma in one (1.2%), and mixed tumor in 12 (14.6%). Patients were reclassified into three groups according to their prognosis: 56 were included in the good prognosis group (germinoma), 21 in the intermediate prognosis group, and five in the poor prognosis group. In this discussion, we apply the term "malignant teratoma" to immature teratomas that contained immature embryonic structures of malignant character and to teratomas with malignant transformation. Tables 2 and 3 summarize the response to chemotherapy and radiation therapy.
RESULTS
Good Prognosis Group
Of the 56 patients with germinoma, macroscopic total removal was achieved in four patients. After chemotherapy, tumors completely disappeared in 44 patients; the rate of complete response was 84.6% (44 of 52 patients). Of the remaining eight patients whose tumors partially responded to chemotherapy, four achieved complete response after radiation therapy, three showed further tumor shrinkage, and one was unchanged. After radiation therapy, these four residual tumors were small, with a diameter of less than 2 mm on MR imaging. An overall tumor-free rate after the initial treatment with surgery, chemotherapy, and radiation therapy was 92.9% (52 of 56 patients). With a median follow-up period of 2.1 years, we encountered only one recurrence outside the irradiated area.
We also evaluated the effect of chemotherapy in nine patients with germinoma who dropped out of the study protocol because they refused radiation therapy after chemotherapy. Eight patients (89%) showed complete tumor disappearance; three tumors recurred within 1 year. These patients were successfully retreated with radiation therapy.
Intermediate Prognosis Group
In eight patients with germinoma with STGCs, total removal of the tumor was not attempted; all patients were evaluated after receiving chemotherapy. Complete disappearance of the tumor was observed in five patients (62.5%), and a partial response was achieved in three. Two of these three patients later achieved complete response and the third achieved partial response. The total tumor-free rate after the initial treatment was 87.5%.
There were 13 other patients included in this group: six had mixed tumors with germinoma and teratoma, two had mixed tumors consisting mainly of germinoma or teratoma, and five had malignant teratomas.
Total surgical removal of the tumor was performed in seven patients; chemotherapy resulted in a response rate of 50% (one complete and two partial responses, one stable condition, and two progressions) in the six patients with visible tumors after surgery. After radiation therapy, five of the visible tumors responded: two tumors partially responded and three remained in stable condition. The total tumor-free rate after the initial treatment was 61.5%.
In the whole group of 21 patients with intermediate prognosis, the total tumor-free rate was 76% and no recurrences were encountered within a median follow-up period of 2.6 years.
Poor Prognosis Group
This group consisted of one patient with embryonal carcinoma and four patients with mixed tumors, of which the main component was embryonal carcinoma. Total surgical removal of the tumor was performed in one patient with mixed tumor; in the remaining four patients, two partial responses were observed and two tumors progressed after chemotherapy. Three patients experienced tumor progression during chemotherapy and died of disease within 6 months.
Side Effects
Almost all the patients manifested myelosuppression, especially severe leukocytopenia of less than 2000/mm 3 5 to 10 days after the chemotherapy; patients recovered from myelosuppression uneventfully after administration of granulocyte colony-stimulating factor.
DISCUSSION
In the treatment of GCTs in the brain, radiation therapy with a median tumor dose of 50 Gy was used postoperatively in all patients except for those in whom a total removal of mature teratomas was achieved. Jennings, et al., [8] have analyzed the survival time of 216 previously reported patients who received conventional treatment with surgery and radiation therapy, noting that most patients with nongerminomatous tumors failed to survive longer than 3 years. The Japanese Intracranial Germ Cell Tumor Study Group [10] has also reported a median survival of 18 months and a rate of dissemination through the cerebrospinal fluid or hematogeneous metastasis of 45% in 33 patients with nongerminomatous tumors who received postoperative radiation therapy.
Since the beginning of the 1980s, following the development of chemotherapy for testicular GCTs, [2, 5] chemotherapy has been delivered as an adjuvant therapy in patients with nongerminomatous GCTs in the brain. The authors of the first trial in which a cisplatin-vinblastine-bleomycin combination was used for intracranial nongerminomatous tumors in Japan reported a 2-year survival rate of 67.7% in 30 patients, which was slightly better than the 46.5% in patients who received radiation therapy alone. [10] Thereafter, a cisplatin-etoposide combination and carboplatin-etoposide combination were used in the phase II study by the Japanese Intracranial Germ Cell Tumor Study Group. [31] These trials obtained slightly better results in nongerminomatous tumors but failed to obtain any significant benefit.
The treatment analysis of the Tokyo University Study Group clarified that treatment results differ among histological subtypes, especially among mixed tumors. [14] Their precise analysis of the histological elements comprising mixed tumors revealed that the chemotherapy regimens of cisplatin or carboplatin combinations administered in their study were effective for tumors with intermediate prognosis but not for tumors with poor prognosis. [13] A high incidence of local failure (73.5%) led to treatment failure in these tumors, suggesting the need for more aggressive, intensive treatments with chemotherapy and radiation therapy other than carboplatin-etoposide combination directed toward the primary site.
This multiinstitutional phase II study was based on our clinical experiences in Japan and was designed first to give patients with germinoma a better quality of life, by decreasing the dose and the volume of irradiation, and higher cure rate (more than 90%) by using a combination chemotherapy. The second objective of the study was to achieve a 5-year survival rate of more than 50% for patients with an intermediate prognosis, and the third objective was to achieve a 3-year survival rate of more than 50% for patients in the poor prognosis group.
In patients with germinomas, the rate of complete response was 84.6% (44 of 52 patients) after administration of chemotherapy. The rate was nearly the same in eight of nine patients who had received chemotherapy alone, whose complete response rate was 89%. Three tumors in these nine patients recurred within 1 year. These findings indicate that chemotherapy with carboplatin and etoposide alone cannot control germinoma without radiation therapy. The treatment results, providing a total tumor-free rate of 92.9% and only one recurrence during a median follow-up period of 2.1 years, are currently satisfactory, because all the residual visible tumors in four patients were very small (diameter < 2 mm), and the recurrence rate reported is usually 5 to 10%. We can now say that whole-brain irradiation is no longer necessary for germinoma and that a reduced dose of 24 Gy delivered to the tumor site is sufficient to control germinoma in combination with chemotherapy. Dattoli and Newall, [4] Shibamoto, et al., [25] and Sawamura, et al., [23] have also recommended local irradiation for germinoma. Matsutani, et al., [14] have insisted that local irradiation contributes to a better quality of life (education and employment) in 83% of long-surviving patients with germinoma, whereas Jenkin, et al., [7] have reported education difficulty in children with germinoma treated by whole-brain radiation therapy. As for the possibility of protecting anterior pituitary function and a long-term control rate for the disease with our treatment, longer follow-up study is necessary.
In germinomas with STGC, a complete response was observed in five (62.5%) of eight patients; the complete response rate was lower than that of germinoma. The reported higher recurrence rate of 40 to 50% with a median time of 3 years for this tumor [14, 28, 30] might correlate with this lower response rate. Our follow-up period was too short to evaluate the effects of our protocol on this tumor.
In the other 13 patients with intermediate prognosis, the total tumor-free rate of 61.5% after the initial treatment was significantly worse than that for germinoma (92.9%). No recurrence during a median follow-up period of 2.6 years, however, is superior to the recurrence rate of approximately 30% in the 17 cases treated by radiation therapy alone in the University of Tokyo series [14] or to the median survival of 2 years in 21 previously reported cases (Table 4) .
